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Abstract
This investigation deals with the issues of resource-saving in buildings, to wit, power saving in heat supply systems. The IAHSU 
was considered as one of the solutions. The article gives an example of selecting an IAHSU for a 16-storey residential building 
and calculates the parameters required for making a HSU.
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1. Introduction
In modern world nearly 41% of power is consumed by construction, most of it is used during the operational 
period; 31% by manufacturing industry and 28% by transport. In order to reduce the power consumption and cut the 
costs, it is necessary to develop and implement the resource consumption and power saving optimization plan.
This article focuses on power saving in heat supply systems. Namely, the principle of a power and resource 
saving was formulated for buildings as one of the possible solutions. Also, the article considers the establishment of 
the IAHSU and selects it basing on a specific 16-storey residential building.
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2. Literature review
The leader in sphere of building information modeling (BIM) is Autodesk Revit - featured solution that combines 
While choosing building structures and materials for construction one of the first issues that must be observed is 
power saving. Actually, today the issue of power efficiency is urgent and often figures in works of Russian and 
foreign authors. There’s great amount of works for developing power saving materials and technologies [1–14]. 
Numerous authors propose their projects whose main feature is reliance on power efficiency and green building [15–
26]. This is not surprising that the depletion of conventional power sources and general nature pollution have 
become an acute problem. In addition, the economic feasibility of such construction also plays an important role. 
A lot of attention is paid to power saving in heat supply systems [27–40]. The research [41] describes the main 
methods of improving the heat supply systems’ efficiency. The author of research [42] described an example of 
selecting a heating system that is ideally suited for the North Western region in terms of both economy and ecology. 
One of power saving techniques is automation of heating systems. The specifics of automatical individual heat 
supply units for introduction of modern power efficient technologies for buildings’ central heating systems are 
considered in research [43].
3. Purposes and tasks
This research is performed to solve the following tasks: 
x To single out the basic principles of power and resource saving in buildings;
x To define the IAHSU, its operating principles, recoupment, and installation parameters;
To make an example of choosing the IAHSU basing on an example of a 16-storey building.
4. What is IAHSU
An individual automatic heat supply unit (IAHSU) is a sophisticated equipment, fitted with weather-dependent 
automatics, installed at the point of connecting of the internal engineering systems of the building to the external 
heat supply system or a self-sufficient heat supply source. 
The main task of the IAHSU is optimization of operation of in-house engineering heat supply systems (such as 
heating, hot water supply, ventilation system heat supply) with respect to fluctuating of outside air temperature in 
the on-line mode. 
The currently operating regulatory documents prescribe obligatory installation of this equipment at all facilities 
being rebuilt or under construction. 
Essentially, the IAHSU controls the heat supply processes in internal engineering systems of the building. The 
choice of the connection pattern, as well as calculation and selection of all IAHSU components is based on 
characteristics of the building itself and information of actual characteristics that are assuredly provided by the heat 
supply source at the point of the facility’s connection to the heat supply network or directly to the self-sufficient heat 
source. The basis of calculations includes technical specifications and project-related documentation for each heat 
supply point. 
4.1. Operating principle
For hot water supply circuit (HWSC) to work properly it is necessary to maintain the temperature of hot water, 
led to faucets, at a permanent (preset) level. The water temperature sensor (at the output) controls the actual 
temperature of water at each specific moment of time. The regulator — using the data obtained from the sensor —
sends a control signal to the regulating valve drive for opening or closing, depending on what needs to be done. i.e. 
to increase or decrease the temperature. For heating and heat supply ventilation systems’ circuits the process is 
almost the same except that in addition to the heat carrier temperature sensor there is also an external air temperature 
sensor and the regulator contains a pre-programmed temperature schedule which must be maintained by the IAHSU. 
1099 Anna Nefedova et al. /  Procedia Engineering  117 ( 2015 )  1097 – 1106 
So the heating system regulator "knows" — for each external air temperature value — which heat carrier 
temperature should be maintained at the building’s internal heating system. This, firstly, ensures the permanent 
comfortable temperature inside the facility rooms and, secondly, ensures the optimum operating mode in terms of 
cost. 
The regulation automatics give extra options for cutting costs, in particular, by using the repetitive operation 
heating mode, i.e. temporary temperature reduction in the building during the facility’s working time. If this is done 
wherever and whenever possible, extra economy can be obtained. Also, adjustment of the temperature mode to 
maintain lower temperature in rooms (for instance, 20 °C, instead of 22 °C) gives extra economy which isn’t hard to 
calculate, knowing that the temperature reduction in the room by 1 degree results in cost reduction by 5%. 
4.2. Operating principle in theory 
From the point of view of management theory, the heat supply point performs as a tracking drive of the heating 
system and actuator of the temperature static regulator mechanism. The feedback is determined by the building’s 
(building structure’s) thermal response recorded as a condition of the heat balance:
 TTtf
dt
dT  0, , (1)
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It is supposed that the feedback is negative: f(t,z)>0, z>0, t>0 and f(t,z)<0, z<0. For example, it is possible to use
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where a(t)>0 is a coefficient dependent on the accumulating capacity of the wall construction and the structure in 
general and proportionate to structure’s accumulation capacity c-1 . 
The value a-1 can be interpreted as "the time constant" of the building. In general case the oscillation of 
temperature over time looks as follows:
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with initial regulation temperature T*zT0. As it can be seen, the solution is asymptotically stable if a>0. The 
temperature monotonously grows from the value T=T* at t=0 to the value T=T0 at high time values. 
The efficiency (stability) of the operation of the tracking drive is determined, among other factors, by the value 
a(t), i.e. a measure of heat accumulation. This value must take into account the influx of heat and thermal capacity of 
walls, infiltration loss, and other factors. The experimental evaluation a(t) is possible in measuring the rate of 
changing of the wall temperature with tracking drive shut off, i.e. at prolonged deactivation of the heating system 
and the building’s cool-down. 
4.3. Types of Ecomatic IAHSU
Listed here for familiarization are the employed standard solutions and schemes exemplified by the Modular 
Automated Individual Heat Points (MAIHP) from the Ecomatic group of companies. So, there are single, two, three, 
etc. circuit IAHSUs. The number of circuits is determined by the number of individual heat supply systems 
controlled by the IAHSU. This may have one or several radiator heating circuits, ventilation system heater heat 
supply circuit, air curtain heat supply circuit, floor heating circuit, HWS circuit, etc. 
The connection methods may be dependent (without heat exchangers) and self-sufficient (with heat exchangers). 
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The number of circulation pumps for each circuit, regulating valves and other elements is determined while 
designing the technical requirements and by Technical Specifications obtained from the heat supplying organization. 
The equipment for each IAHSU must be selected individually for each facility taking into account its specific 
features and existing environment. 
4.4. Parameters, taken into account while selecting the IAHSU
For convenient selection of heat points, the Ecomatic Company made a list of required parameters of relevant 
estimations and tests, bringing them together in the report form (Table 1). 
The report form is divided into subsections in compliance with heat supply system circuits existing on the 
facility: radiator heating, HWSC, ventilation units’ heat supply systems and a section with data on operation of the 
external heat supply source. 
Table 1. List of the required parameters.
1st section 
contains HWS 
parameters;
 estimated (designed) maximum HWS load; 
 the number of hot water supply points must be known in order to check the correctness of the indicated design 
load since liters but not kilowatts of water are consumed for washing; 
 the initial temperature of cold water used for heating (the water heating proceeds not from 0 °C);
 the required temperature of hot water is the temperature to which water must be heated; 
 the cold water pressure at the input is for checking the sufficiency of pressure in all points of the internal HWS 
system; 
 the cold water input pipeline diameter is needed for checking the sufficiency of the throughput capability of the 
existing input because after reconstruction the consumption of cold water will increase on account of the HWS needs; 
2nd section
contains 
parameters of the 
water heating 
system; 
— estimated (deigned) maximum load of the heating circuit; 
— the structural volume of the building is a required parameter for verifying estimation of the correctness of the 
estimated maximum load; 
— temperature pattern of operation of the in-house heating circuit; 
— building height, i.e. the height of the internal heating system is used for understanding which "column of water" 
needs to be maintained in the return pipeline to keep the system going; 
3rd section
contains 
parameters of the 
ventilation 
assemblies’ heat 
supply systems 
and/ or air 
curtains, if such 
are at the 
facility; 
This section is virtually identical to the second.
4th section 
contains data on 
operation of the 
external heat 
networks to 
which the
facility is 
connected.
— the winter temperature mode of operation of the external heat network is used for calculating the equipment of 
heating circuits and heat supply of the ventilation units. It is essential to know "the actual" temperature pattern of the 
network operation since it affects the estimation of the heat carrier consumption for the heat supply needs and correct 
choice of the equipment diameter; 
— summer temperature pattern of the external heat network is used for estimating the equipment for the HWS 
circuit because hot water must also be available in heat surplus period, i.e. in summer; 
— heat carrier pressure parameters in the feeding and return pipeline of the heat network at the building’s input 
(before AHSU) and, consequently, minimally guaranteed heat carrier pressure difference at the input. The latter 
parameter is critical since its value affects the choice of the heat supply systems’ connection method and directly 
influences the choice of the equipment diameters;
— also recorded in the report form is information on existence of single- or three-phase voltage on the facility’s 
main distribution panel as well presence or absence of the heat energy meter;
— information on the size of the AHSU is given for further designing and planning of the AHSU layout with due 
regard to the actual environment and conditions. 
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4.5. Recoupment period 
In implementing the energy servicing contracts envisioned by Federal Law FZ-261 or just a project of 
introducing power saving technologies at the facility with involvement of investments, it is absolutely essential to 
understand over which period of time the implemented technologies will pay off. 
Judging by the available expertise and statistics supplied by the Ecomatic group of companies, it is safe to say 
that depending on the size and application of the facility as well as environment and the employed technological 
solutions, the recoupment period of technologies used in reconstructing the AHSU at the facilities varies between 
three and seven years. 
4.6. An example of selecting the IAHSU 
For selecting the IAHSU an arbitrary 16-storey residential building was chosen (Fig. 1). In the building are 64 
apartments, each having a kitchen washing unit, toilet pan, and a bath with a washer and a common mixer. The heat 
technology calculations were carried out for the city of Chelyabinsk (Russia) where the temperature of the coldest 
five-GD\SHULRGLVíºC.
Fig. 1. A model of the building in the city of Chelyabinsk (Russia), and the typical floor plan using for the calculations
The design conditions 
x tint — design temperature of indoor air for living quarters 20 ͼC;
x text — GHVLJQRXWGRRUDLUWHPSHUDWXUHIRU&KHO\DELQVNLVíͼC;
x zht — heating period is 218 days;
x tht — average outdoor temperature during the heating period for CheO\DELQVNVKDOOEHHTXDOíͼC;
x Dd — heating degree day equals 5777 ͼ&ÂGD\
Geometric and heat-power engineering indices
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x Asum — the total area of the enclosing structures is 6583.5 m2;
x Al — the heated area 5124.5 m2;
x Vh — the heated volume is 15239.9 m3;
x f — glazing-to-wall ratio 0.26;
x ke — index of the shape of a building 0.43.
Thermotechnical characteristics.
Calculated heat transmission resistance for exterior structures:
x Walls: Rw = 4.48 m2  ºC/;W;
x Roof: Rc = 5.2 m2  ºC/W;
x Windows: Rf = 0.58 m2  ºC/W.
x Doors: Red = 0.58 m2  ºC/W.
Required heat transmission resistance for exterior structures [6]:
x Walls: Rw = 3.42 m2  ºC/W;
x Roof: Rc = 4.5 m2  ºC/W;
x Windows: Rf = 0.58 m2  ºC/W.
General energy indicators 
ݍ௛ௗ௘௦ is estimated specific consumption of heat energy for heating the building, equal to 24.1 kJ/m
3Â&ÂGD\ RU
0.241 kcal/m3Â&ÂK
Then the maximum hourly heat consumption for heating the building is Gcal/h; 
ܳ௢೘ೌೣ = ߙ ή ௛ܸ ή ݍ௛ௗ௘௦ ή (ݐ௜௡௧ െ ݐ௘௫௧) ή 10ି଺
= 1.032 ή 0.241 ή 15239.89 ή (20 + 34) ή 10ି଺ = 0.204, (4)
ߙ— is a coefficient taking into account the change of ݍ௛ௗ௘௦ depending on text (D =1,032).
Mean hourly spending of heat load of HWS Gcal/h:
during heating period:
ܳ௛௪ =
ݍ ή ܷ ή ܿ ή ߩ ή (55 െ ݐ௖௪) ή (1 + ݇௟)
ܶ
ή 10ି଺ = 115 ή 224 ή 1 ή 1 ή (55 െ 5) ή (1 + 0.2)24 ή 10
ି଺
= 0.0644, (5)
c — LVVSHFLILFZDWHUKHDWFDSDFLW\F FFDONJÂoC);
ߩ— is hot water density, (ߩ=1 kg/l);
ݐ௖௪ — is cold water temperature during heating period (ݐ௖௪= 5 
oC);
U — is number of people (U=224 persons); 
q — is the standard water consumption for hot water supply at a temperature of 55oC per one person in 24 hours, 
residing in a building with hot water supply, (q=115 l/ day); (day is taken as equal to 24 hours); 
T — is estimated time of water consumption taken as equal to 24 h. 
during non-heating period:
ܳ௛௦ = ܳ௛௪ ή
55െ ݐ௖௦
55െ ݐ௖௪ ή ߚ = 0.0644 ή
45
50 ή 0.8 = 0.0464, (6)
ݐ௖௦ — is temperature of cold water during the non-heating period (ݐ௖௦=15 
oC);
E — is a coefficient taking into account the change of the mean water consumption for hot water supply during 
the non-heating period relative to the heating period, E =0.8.
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Project list of the required parameters 
Hot-water supply system:
x Maximum HWS load: 0.0644 Gcal/h;
x Number of flats — 64 flats;
x The initial temperature of cold water: 10 °C;
x The required temperature of hot water: 55 °C;
x The cold water pressure: 4.2 atm;
x Diameter of introductory pipe of cold water assumed to be equal 100 mm.
The water heating system:
x Maximum load of the heating circuit: 0.204 Gcal/h;
x The structural volume of the building : 15239.89 m3;
x Water temperature returning from the radiators: 65 °C;
x Water temperature applying to the radiators: 95 °C;
x Building height: 50 m.
Ventilation assemblies’ heat supply systems:
The building has natural ventilation system.
Data on operation of the external heat networks: 
x Temperature in delivery heat pipeline: 105 °C;
x Temperature in return heat pipeline: 70 °C;
x Temperature in delivery heat pipeline summer: 70 °C;
x Temperature in return heat pipeline summer: 40 °C;
x Pressure in delivery heat pipeline (P1): 4.7 atm;
x Pressure in return heat pipeline (P2):3.5 atm;
x The worst differential head to enter into building (P1–P2): 1.2 atm;
Based on the initial data, the following conclusions were drawn: 
x In connecting the hot water supply system to the heat supply system it is necessary to use the closed pattern in 
which the water for hot water supply comes from the running water system and is heated up by the mains water 
in the heat exchanger. 
x Considering the method of connecting the heating system to the heat supply system it makes sense to use a self-
sustained scheme, thus hydraulically relieving the external and internal systems and obtaining a possibility of 
supporting in the internal heating system the pressure that is required or is optimum for system operation.
x Given that the chosen building has 16 storeys, it was decided to divide the water supply system into two circuits: 
from the 1st to the 8th storey with pressure of 3 atm, and from the 9th to 16th with pressure of 6 atm. 
Thus the SK-2V scheme (Fig. 2) was selected with two parallel heating pumps and without dif. regulators. Since 
the system was divided into two circuits, there must be 2 such assemblies: one for the lower part of the building and 
the second for the upper. The obtained calculating data are sufficient for filling in an application, on whose basis the 
IAHSU is manufactured. 
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Fig. 2. Substation of Heating SK-2V
5. Conclusions
x The key issue of increasing the buildings’ energy retention ratio is the reduction of the operational costs; 
x The bulk of the standard building’s operational costs come from the heat supply. One of the main means of 
reducing them is automation of heating systems and HWSC; 
x Automation of heating systems and HWSC allows cutting costs by using the repetitive operation heating mode;
x For providing required pressure on the last floors without overloads on input in tier buildings is more practical to 
divide the water supply system into two circuits;
x More effective way of connecting heating system is self-sustained scheme allowing supporting required pressure 
in system regardless of pressure in heat supply system;
x For the 16-storey building under consideration it makes more sense to divide the heating systems and HWSC into 
two circuits, to use a closed type of HWS pattern and a self-sustained method of heating.
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